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In this issue ofChemistry & Biology, Duan et al. (2015) report the use of a light-inducible protein-protein inter-
action system to dynamically control the movement of intracellular organelles with spatial and temporal
precision in living cells.A quick glance in any biology text book
reveals that intracellular organelles are
routinely depicted as adopting a highly
stereotypical arrangement, with a central
nucleus surrounded by the ER and neigh-
bored by the Golgi, while mitochondria,
lysosomes, and other organelles are often
dispersed peripherally in the cytoplasm.
In reality, however, organelles are highly
dynamic and motile entities whose move-
ments are controlled by motor proteins
such as kinesin and dynein (Barlan et al.,
2013), which mediate the transport of
diverse molecular cargoes, including
entire organelles, along microtubules.
Alterations in the distribution of organelles
are essential for numerous cellular pro-
cesses, including cell division, polarized
morphogenesis, and migration (Bornens,
2008; Gundersen and Worman, 2013).
Organelles also change their positions in
response to various external stimuli—
mitochondria move toward the nucleus
in response to a lack of oxygen, or hypox-
ia (Al-Mehdi et al., 2012), while lysosomes
alter their distribution based on the avail-
ability of nutrients (Korolchuk et al.,
2011)—and decades of research indicate
that organelle positioning can have a pro-
found impact on a variety of biological
processes. Yet the functional conse-
quences of organelle positioning are not
always clear; elucidating these effects re-
quires tools to directly manipulate how
organelles are distributed within living
cells. To this end, Duan et al. (2015)
describe a straightforward method for
dynamically controlling organelle localiza-
tion based on the rapidly expanding field
of optogenetics.
Optogenetics entails the use of genetic
techniques tomake living cells responsive
to light in order to turn on or off specific
events within these cells (Deisseroth,2011). Optical methods are ideal for
selectively perturbing cellular events with
high spatial and temporal resolution
because light can be focused to submi-
cron levels and applied with millisecond
timing. The use of light to control cellular
processes is possible because many
organisms natively respond to light and
express proteins whose activities are
naturally light sensitive. By studying these
organisms, scientists have identified a
number of protein domains that can be in-
serted into proteins of interest to render
their functions directly sensitive to light.
As a rule, these light-controlled proteins
contain chemical moieties (e.g., chromo-
phores) that absorb light at specific
wavelengths; the ensuing photo-chemical
reaction then leads to conformational
changes that alter protein function. Arabi-
dopsis thaliana cryptochrome 2 (CRY2),
for example, contains a flavin cofactor
that absorbs blue light and induces a
conformational change that promotes
binding to the transcription factor CIB1.
The use of this and similar light-sensitive
protein domains has allowed scientists
to exert optical control over protein-pro-
tein interactions and even various enzyme
activities (Zhang and Cui, 2015). Yet, as
optogenetics has matured, it has also
shifted from focusing solely on the activ-
ities of macromolecules to manipulating
larger cellular processes. As if to help un-
derscore this shift—from perturbing pro-
teins to moving mountains—the present
study by Duan et al. (2015) uses the
CRY/CIB system to control themovement
of organelles by tethering them to specific
motor proteins.
Specifically, the authors localized
CRY2 to different organelle membranes
and fused CIB1 to either KIF5A (e.g., kine-
sin) or to the N-terminal domain of theChemistry & Biology 22, May 21, 2015dynein-binding BICD protein (BICDN),
which complements a recently described
system that uses amodified light-oxygen-
voltage (LOV) domain-PDZ interaction to
control organelle movement (van Bergeijk
et al., 2015). Kinesin and dynein both
‘‘walk’’ along microtubules, which typi-
cally radiate outward from the vicinity of
the nucleus. Kinesinmoves towardmicro-
tubule plus-ends, located near the cell
edge, and was thus used to move organ-
elles away from the nucleus. Conversely,
dynein moves toward microtubule
minus-ends and was used to direct or-
ganelles inward, toward the nucleus.
Thus, the authors tethered CRY2, tagged
with the red fluorescent protein mCherry,
to the transmembrane domain of the
mitochondrially localized Miro1 protein
(MiroTM). When this was co-expressed
with GFP-BICDN-CIB1 in COS-7 (mon-
key) cells, the authors were able to
successfully induce the redistribution
of mitochondria to the perinuclear region
following blue-light exposure. Similarly, by
co-expressing CRY2-mCherry-MiroTM
with KIF5A-GFP-CIB1, the authors were
able to use blue light to increase mito-
chondrial localization at the extreme pe-
riphery of cells. This design was extended
to other organelles, namely, peroxisomes
and lysosomes, which the authors
directed toward the nucleus or the cell
edge depending on tethering to dynein
or kinesin, respectively. The authors also
performed an important control by label-
ing microtubules with YFP and confirming
that these light-recruited motors are
indeed moving along microtubules. This
also allowed the authors to quantify the
speed of light-induced peroxisomemove-
ment: both kinesin- and dynein-mediated
peroxisome transport matched rates
described in the literature (Kural et al.,ª2015 Elsevier Ltd All rights reserved 569
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that only a subset of microtubules
was used for organelle transport, with
many microtubules carrying multiple
peroxisomes.
Two essential goals of optogenetic ap-
proaches are to control cellular events
reversibly and with a high degree of
spatial precision. To highlight the revers-
ibility of their system, Duan and co-
workers demonstrated that CIB1-GFP-
MiroTM and CRY2-mCherry dimers could
be rapidly and repeatedly assembled and
disassembled in response to alternating
periods of blue light and darkness, with
no apparent loss of dimerization effi-
ciency over time. Furthermore, mitochon-
dria that were induced to relocalize
following blue-light exposure returned to
their original distribution in the dark. The
authors similarly demonstrated the spatial
selectivity of their optogenetic system,
through which they were able to induce
the redistribution of mitochondria toward
the cell edge only within a defined cellular
region without altering mitochondrial570 Chemistry & Biology 22, May 21, 2015 ªpositioning elsewhere in the cell. In addi-
tion, a key property of theCRY/CIB dimer-
ization system is its activation by very low
light intensities, which the authors high-
light here by showing that COS-7 cells
expressing CRY2-mCherry-MiroTM with
either KIF5A-GFP-CIB1 or BICDN-GFP-
CIB1 could be exposed to low levels of
blue light for extended periods of time
without any cell death. These tools could
therefore provide a fresh perspective on
old biological questions, such as how
organelle positioning within specific
cellular regions affects processes such
as polarized cell growth, as well as how
organelle migration influences develop-
mental processes. Even more exciting,
however, is the prospect that these new
molecular tools will also force us to pose
new questions that we had not consid-
ered previously.REFERENCES
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